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Tooth transposition is defined as the positional interchange
of two adjacent teeth, particularly of the roots, or the
development or eruption of a tooth in a position normally
occupied by a non-adjacent tooth [1–3]. This dental anomaly,
described as an interchange in the position of two permanent
teeth within the same quadrant of the dental arch, is
considered a relatively rare anomaly of unknown origin [4].
We need to exercise caution when diagnosing this condition,
in order to avoid confusing it with mere ectopic eruption.
In transposition, there is an exchange of positioning, thereby
reversing the sequence in the mouth. Ectopic eruption is a
broad category referring to any abnormal or aberrant eruptive
position taken by a tooth. Tooth transposition, therefore,
must be considered a subdivision of ectopic eruption: tooth
transposition is an example of ectopic eruption, but few
ectopic eruptions are tooth transpositions [5].
Tooth transposition is often accompanied by other dental
anomalies. Hypodontia, developmentally missing, small
or peg-shaped maxillary lateral incisors, severe rotations
and malpositions of adjacent teeth, retained deciduous
teeth, dilacerations, and malformation of other teeth have
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most frequently been reported in conjunction with
transposition [4–8]. Canine transposition has been reported
to be the most common transposition found in the human
dentition [9,10].
CLASSIFICATION
A distinction is made between complete and incomplete
transposition. In complete transposition, both the crowns
and the entire root structures of the involved teeth are
found parallel to their transposed position (Figure 1). In
incomplete transposition (also called pseudo or partial
transposition), the crowns may be transposed, while the
root apices remain in their normal positions (Figure 2)
[4,11–13]. Alternatively, the crowns may be in the correct
order, while the root apices are transposed. Thus, the two
involved teeth overlap and their long axes cross each other.
In addition, the crowns and roots of the two involved teeth
may completely superimpose each other on normally
projected radiographs.
Transpositions are classified according to Peck and
Peck’s classification [14]: maxillary canine–first premolar
(Mx.C.P1), maxillary canine–lateral incisor (Mx.C.I2),
maxillary canine–first molar site (Mx.C to M1), maxillary
lateral incisor–central incisor (Mx.I2.I1), maxillary canine–
central incisor site (Mx.C to I1), and mandibular lateral
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incisor–canine (Mn.I2.C). Aberrant positioning of the
maxillary canine is a feature of four of the five types of
maxillary tooth transpositions, the exception being the
special situation of lateral–central incisor transposition.
The maxillary permanent canine is the tooth most frequently
involved in transposition. The canine shows the highest
incidence of transposition with the first premolar, less often
with the lateral incisor, rarely with the central incisor, and
extremely rarely with the second premolar or first molar [3,
4,8,14].
Two of the five types of maxillary tooth transpositions
cannot truly be defined as transpositions. Canine–first
molar and canine–central incisor site “transpositions”
represent extreme displacement and should, instead, be
called ectopic eruptions [6] or transpositions of an extensive
degree [15]. Joshi and Bhatt also used the term “extreme
distal migration” to describe maxillary canine eruption
distal to the second premolar [16]. Displacement of the
tooth from one quadrant across the midline to the other
side or physiologic migration of an unerupted tooth across
the midline in the absence of pathology or trauma is
referred to as transmigration [17], and has been reported
in the mandibular and the maxillary arches. However,
these should be considered ectopically erupted teeth, not
transpositions [4].
INCIDENCE AND EPIDEMIOLOGY
The incidence of maxillary canine–premolar transposition
is reported to be 0.135–0.510% [6,7]. In Japanese, the reported
prevalence of tooth transposition is 0.065% in the general
population [18,19] and 0.660% in orthodontic patients [18,
20]. Yilmaz et al found a prevalence of tooth transposition
of 0.380% in a Turkish population [12]. Burnett reported
that the prevalence of MxC.P1 transposition was 0.510% in
an African population [21]. Buenviaje and Rapp reported a
prevalence of transposed teeth of 0.080% in a population of
2,439 children aged 2–12 years [22]. In other reports, the
frequency of transposition involving the mandibular canine
and lateral incisor among 13,712 children aged 8–9 years
was 0.030% [3,23].
Maxillary tooth transposition most frequently involves
the canine with the first premolar, and less frequently
involves the lateral incisor [2,6,24,25]. Females present with
approximately 60% more transposition than males [6,14].
Most maxillary transpositions are unilateral with a higher
involvement of the left side, particularly in canine–lateral
incisor transposition [6,14,16]. Left-side predominance is
suggested in unilateral cases [1,2,5,6,13,14,16]. Laterality is
not uncommon in the expression of other orofacial
anomalies. Subject handedness is not related to the side of
Figure 1. Complete transposition
of maxillary right permanent
lateral incisor and canine with
retained deciduous canine.
(A) Intraoral upper occlusal view;
(B) panoramic radiograph showing
parallel crowns and roots of
transposed lateral incisor and
canine.
Figure 2. Incomplete transposition
of maxillary right canine and first
premolar in a 12-year-old girl.
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the transposition in unilateral cases [2]. Interestingly,
transposition has never been observed in both jaws
simultaneously, nor is transposition known to occur in the
deciduous dentition [4,7]. A high incidence of associated
dental anomalies, such as missing or small maxillary lateral
incisors, missing second premolars, retained deciduous
canines, impacted permanent canines and central incisors,
and severe rotation of the adjacent premolars, is observed
on the side of the transposition [1,2,5–7].
ETIOLOGY
The etiology of tooth transposition is the subject of
controversy and is still not completely understood.
Suggestions outline various scenarios, which include
variation in embryologic development, early loss of primary
teeth, and prolonged retention of primary teeth [26]. Several
theories have been proposed to explain the phenomenon.
Multifactorial genetic factors and an interchange in the
position of the developing dental lamina of the involved
teeth are suggested causes [6].
A thorough review of the etiology of canine tooth
transposition was carried out by Peck and Peck [14]. They
found evidence to suggest that the maxillary canine–first
premolar transposition is genetically influenced [1,14,27–
29]. A polygenic cause is supported by the increased
frequency of associated dental anomalies (Figures 3 and 4),
such as tooth agenesis and peg-shaped lateral incisors,
bilateral occurrence, familial occurrence, and significant
differences between male and female prevalence. Heredity
was offered as a possible explanation for this anomaly,
especially when reported bilaterally in siblings [1,5].
Another theory suggests that a retained deciduous
canine, observed in a large number of canine transpositions,
might be the primary cause of the displacement and
migration of the permanent canine from its normal path of
eruption. Although not a true transposition, this migration
theory may help to explain those extreme cases in which
the canine erupts in the position of the central incisor,
second premolar, or first molar [6]. Because retention of
deciduous canines and lateral incisors is reported in most
cases of canine transposition and impaction, it has been
suggested that the long-term retention of deciduous teeth
may be the primary cause of displacement of the permanent
tooth from its normal path of eruption. Whether prolonged
retention of a deciduous tooth causes displacement of its
successor, or an abnormal path of eruption is the reason
for retention of the deciduous tooth, is a matter of
speculation [4].
Figure 4. Complete transposition
of maxillary right permanent
canine and f irst  premolar .
(A) Intraoral upper occlusal view;
(B) panoramic radiograph showing
parallel crowns and roots of
transposed canine and first
premolar. Note the congenital
missing of lower left second
premolar.
Figure 3.  Bilateral complete
transposition of maxillary right
permanent canine and first
premolar. (A) Intraoral upper
occlusal view; (B) panoramic
radiograph showing congenital
absence of upper and lower right
lateral incisors.
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Although patients with a transposed canine seem to
have an increased prevalence of other dental anomalies,
and there is a gender bias, we are unable to determine
whether or not canine transposition has a genetic etiology.
It is still unclear if transposition results from formation of
tooth germs in an ectopic position, or if transposition results
from the displacement of the follicle and tooth germ
following formation. Bone pathology, such as cyst formation,
may also cause displacement and transposition of the tooth.
The etiology of the maxillary canine to lateral
transposition appears to be adventitious. This kind of
transposition results principally from dentofacial trauma
in the deciduous dentition and subsequent permanent
tooth drift [1,14], although a genetic basis for some
occurrences cannot be totally excluded [30,31]. A history
of trauma is often present, resulting in the distal disruption
of the developing lateral incisor tooth germ. This leads to
mesial migration of the canine. Trauma to the deciduous
teeth has also been suggested as a factor in the etiology of
transposition in reported cases where dilacerations of the
permanent incisor roots were found adjacent to transposed
teeth [4,6].
The canine transposes to the site of the central incisor by
mesial migration. This occurs when the central incisor is
lost (usually due to trauma) or displaced (e.g. by a
supernumerary tooth). Yilmaz et al found a 50% history of
trauma in maxillary canine to central incisor site
transposition [12]. Therefore, the maxillary canine should
be regularly monitored after trauma or early loss of maxillary
central incisors [13]. On rare occasions, extreme distal
migration of the canine to the site of the first molar has
occurred when the deciduous canine is retained or the
upper first permanent molar is lost early. In the mandible,
when canine to lateral incisor transposition occurs, the
deciduous canine is often retained and other dental
anomalies may be present. The position of the lateral incisor
and its often severe rotation suggests that this tooth migrates
around an ectopic mandibular canine. In the mandible, the
distal migration of the lateral incisor appears to be the
primary reason for the developing transposition [4].
TREATMENT CONSIDERATIONS
For discussion, treatment will be divided into interceptive
and definitive treatment, although it is important to recognize
that the two often overlap clinically. When cases of incipient
transposition are detected early, they can sometimes be
treated interceptively. When seen at later stages, the positions
of the root apices are important for decisions concerning
where to move the transposed teeth [32].
Interceptive treatment
Early diagnosis of a developing transposition is based on
thorough intraoral examination, followed by complete
radiographic analysis, preferably between the ages of 6 and
8 years. This is especially important for early detection of
malposed mandibular permanent lateral incisors. When
incipient transposition is detected early enough, interceptive
treatment should be initiated to remove retained mandibular
deciduous teeth and guide the ectopic lateral incisor to its
normal place in the arch. The space for the mandibular
canine should be maintained while awaiting its eruption.
This interceptive procedure will prevent the full
development of transposition with the erupting permanent
canine [2]. In the years after the age of 10, interception of a
mandibular canine to lateral incisor transposition becomes
far more difficult, because, during these years, the
transposition tends to develop naturally into a total
positional interchange of the affected teeth [3].
Definitive treatment
In definitive treatment, a number of factors need to be
considered. These factors include the underlying
malocclusion and the degree of crowding, the occlusion
(both static and dynamic), the esthetic, the position of the
root apices, patient motivation and suitability for treatment,
length of treatment time, and the form of retention. There
are three main options for definitive treatment: extraction
of one of the transposed teeth, alignment of the teeth in the
transposed position, and orthodontic movement of the
teeth to their correct positions [33,34].
For Mx.C.P1 transposition, if the cuspid root lies distal
to the first bicuspid root, the transposition should be
accepted. Normally, a pleasing appearance can be achieved
by leaving the teeth in the transposed position with less
than ideal function. Some enamel reduction of the bicuspid
palatal cusp is normally needed. Buccal root torque of the
bicuspid is helpful, as it improves esthetics and reduces
the need for enamel reduction. The crown–root angulation
on the facial surface of the maxillary cuspids and maxillary
first bicuspids is different, and, therefore, not as much
buccal root torque can be added to the bicuspids compared
with the cuspids [35]. The malocclusion should be
considered on its own merits. Crowding, or the need for
overjet reduction, presents the opportunity for correction
of the transposition and malocclusion by extraction of the
first premolars [7].
Canine transposition
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In Mx.C.I2 transposition, there are two problems to
overcome: the ability of the lateral incisor to function as a
canine and the ability to disguise the canine and lateral
incisor as each other. The upper lateral incisor is less
favorable for “canine guidance”, as its root is usually thin
and short. Hence, conversion to group function may be
suggested for non-extraction cases. Camouflage of the
upper canine often requires grinding of its tip, a
combination of grinding and adding composite resin, or a
porcelain veneer. The canine has a broader and higher
gingival contour, compared with the lateral incisor, so this
may make the esthetic result pleasing in those with a high
smile line [7].
In mandibular canine to lateral incisor transposition,
the transposed lateral incisor in the lower arch is often
extracted. However, in a spaced arch, or non-extraction
case, its retention in the transposed position can be accepted
with little detriment to esthetics or function [7,36]. If the
mandibular canine and lateral incisor have already erupted
in their transposed position, correction to their normal
position should not usually be attempted because dense
compact bone occupies its buccolingual thickness.
Alignment in their transposed position with reshaping of
the incisal surfaces will not damage the teeth or supporting
structures and will present an acceptable esthetic result.
The teeth are correctly rotated and aligned in their transposed
positions, and a mandibular anterior fixed retainer is bonded,
following severing of the gingival supracrestal fibers of the
rotated teeth [4,8].
DISCUSSION
Although there is no definitive explanation for the
development of transposition, several theories have been
suggested. One theory suggests that an interchange in
position of tooth buds during the very early stages of tooth
development is responsible for this anomaly. The second, a
more acceptable explanation, is that the developing tooth
migrates from its normal path during the course of eruption.
However, a genetic etiology was strongly supported by
Peck and Peck [1], and by Nelson [27].
The tooth most commonly transposed, the maxillary
canine, starts its long pre-eruptive migration high above the
premolars. It has been suggested that the maxillary canines
may change their usual downward direction of eruption
and migrate mesially to be transposed with the lateral
incisor or distally to be transposed with the first premolar.
The eruption of the maxillary canine in the position of the
central incisor or the second premolar is further offered as
evidence that canine migration is, in fact, the cause of
transposition [8].
The orthodontic correction of complete transposition is
complex. The key to success is to treat early, because treatment
can be accomplished with fewer possibilities of injuring the
surrounding tissue. Careful observation of bitewing
radiographs is essential for early diagnosis and treatment of
these transpositions. Early intervention is recommended,
with more limited treatment options available as time
progresses. Early diagnosis of the atypical eruption pattern
usually offers the option of orthodontic movement of the
displaced teeth into normal arch alignment. If teeth are
repositioned, there is a strong tendency for relapse requiring
a long retention period. Early identification of the problem
before the permanent canines and first premolar erupt tends
to optimize tooth movements in achieving acceptable
alignment, while minimizing severe arch collapse and
asymmetry. During treatment, the possibility of damaging
teeth, especially the roots and supporting structures, should
be carefully considered. The main difficulties in correcting
altered tooth position with maxillary canine–premolar
transposition are avoiding root interference and resorption
and controlling root inclination of the transposed teeth [37].
In particular, the width of the alveolus is usually insufficient
for the roots of the teeth to pass labio-palatally. Root
resorption may then occur as a result of compression and
friction during the correction. Thinning of the labial alveolus
and mucosa may result in clefting and recession of the
gingiva, particularly if it is inflamed [7].
Chattopadhyay and Srinivas found a male predominance
in their transposition sample [5], which is distinctly different
from earlier reports from India and elsewhere [1]. We believe
that, because most of the previous samples were from
orthodontic clinics, a high female count could be expected
because more females than males seek orthodontic treatment.
Shapira et al found a high prevalence of agenesis of third
molars, impacted maxillary canine, and maxillary canine–
premolar transposition in patients with Down’s syndrome
[29]. These anomalies should not be seen as separate,
independent entities, but as associated phenomena:
underdevelopment of the upper jaw, delayed dental
development, reduction in teeth number and size, and the
associated altered path of canine eruption. No explanation
other than genetics is immediately available to explain why
the Mx.C.P1 transposition should represent another
phenotypic expression of this trisomy.
Transposition of the maxillary canine and the second
premolar is a fairly common tooth malposition in children
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with cleft lip, palate, or both. Among the abnormalities in
number, size, and shape of teeth, transposition is important
to take into consideration in planning a patient’s overall
dental care and orthodontic treatment [24].
In conclusion, canine transposition is considered to be the
most common transposition found in human dentition. Early
clinical examination of children, before reaching 10 years of
age, is recommended to detect developmental anomalies.
Once transposition has occurred, careful orthodontic assess-
ment must be carried out to correct the malocclusion in a
manner that produces the best esthetic and functional result.
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